Progress has been made in identifying and character izing basement membrane macromolecules, including type IV collagen, laminin, a heparan sulfate proteogly can and bullous pemphigoid antigen. Basement mem brane contains a unique collagen, type IV collagen, which is formed of pro al(IV) (Mr=185,000) and pro a2(IV) (Mr= 170,000) chains. As opposed to the fibrillar pattern seen with other collagens, the type IV collagen molecules are thought to be arranged in a honey-comb or reticular pattern which provides the major structural element of the basement membrane. Consistent with this model, type IV collagen has been localized to the base ment membrane lamina densa, a nonfibrillar structure.
Laminin is a large (Mr=I,OOO,OOO) noncollagenous gly coprotein with chains of 200,000 and 400,000 daltons. It has been localized to the basement membrane lamina lucida and functions to bind epithelial cells to the base ment membrane. A heparan sulfate proteoglycan has also been identified in the basement membrane. Its bio logical function may be to restrict the penetration of anionic macromolecules through the basement mem brane. In contrast to the above-mentioned components which are found in all tissue basement membranes, bul lous pemphigoid antigen is only found in certain base ment membranes, mostly those of stratified squamous epithelia. Bullous pemphigoid antigen is a protein, syn thesized by keratinocytes in culture, with disulfide linked chains (Mr=220,OOO). By immunoelectron micros copy, it is localized in the lamina lucid a of epidermal basement membrane and is closely associated with the basal cell surface. Its biological function is not known, but could involve epidermal basal cell-substrate inter actions which occur when basal cells re-epithelialize wounds.
Basement membranes are thin extracellular matrices which separate epithelia and endothelia from their underlying con nective tissue. The ultrastructure of basement membranes has been well described [11 and progress has been made in identify ing and characterizing the macromolecules which are found in specific areas of the basement membrane (Fig 1, Table) . This paper will review the biochemistry, tissue localization, ultra structural localization, and biological function of several of these macromolecules, including collagen, laminin, a heparan sulfate proteoglycan and bullous pemphigoid antigen.
Basement Membrane Collagen
It has been recognized for a long time that basement mem branes contain collagen, but they lack the fibrillar and banded appearance of other collagenous matrices. More than 10 yr ago it was established that the collagen in basement membranes is distinct from that in other tissues (see reference 2 for a review Reprint requests to: Dr. George R. of these studies). It was proposed at this time that the basement membrane collagen (type IV collagen) was formed from a single type of polypeptide, the al(IV) chain (Mr=105,000) [3] . In contrast, others reported great heterogeneity in the size and composition of collagenous components from extracts of glo merular basement membrane [4] . Biosynthetic studies of lens basement membrane indicated the formation of a single high molecular weight collagenous component (comparable in size to other collagen pro a chains (Mr= 180,000)) that was incor porated into a triple chain molecule, and then secreted [5] . In contrast to other procollagens, which are converted to collagen by removal of procollagen specific segments, there was no change in the size of the secreted basement membrane collagen.
These observations led to the proposal that the type IV pro collagen molecules are present as such in basement membrane and that the retention of the procollagen-specific portions of the molecule prevents it from aligning into fibrils.
Later studies showed that 2 distinct collagenous chains were produced, pro al(IV) (Mr=185,OOO) and pro (x2(IV) (M,.=170,-000) [6, 7, 8] . These migrated closely together when electropho resed and had therefore been thought to be a single molecular species [2] . It is not clear whether these chains are present in the same or separate molecules. Type IV collagen molecules with smaller chains, "al(IV)" (Mr=160,000) and "a2(IV)" (Mr= 140,000) , were found in acid extracts of the EHS tumor (a basement membrane producing mouse tumor). However, no conversion of the larger to the smaller chains was observed with time in pulse-chase studies [7] . Further, the smaller ex tracted protein lacks a portion of the molecule present in situ [9] . These observations suggest that the collagen present in acid extracts of the EHS tumor, with chains of 160,000 and 140,000 daltons, is not a normal component of basement mem brane but arises during the acid extraction procedures probably as a result of proteolysis.
Basement membrane collagen, compared to other collagens, shows anomalous sensitivities to proteolytic enzymes. Pepsin, for example, which does not cleave the helical portion of inter stitial collagens, makes multiple cleavages in basement mem brane collagen [8] . The basis for this sensitivity was shown to be due to short nonhelical segments interrupting the helical portion of this collagen [10] . These nonhelical segments lack glycine at every third amino acid position, a sequence required to form the triple-helical structure. The pro a2(IV) chain is degraded more rapidly than the pro al(IV) chain when the native protein is incubated with pepsin, probably indicating more susceptible nonhelical sites in the pTa a2(IV) chain [8}.
Recent studies [9] have established a novel model for the arrangement of type IV collagen in basement membranes ( Fig  2) . In these studies the arrangement of the type IV collagen molecules was visualized by electron microscopy of rotary shadowed preparations of the collagenous protein from extracts and from enzymatic digests of basement membrane. It had been noted previously that part of the collagen in the basement membrane was resistant to digestion by bacterial collagenase ell]. This material termed "7S collagen," based on its sedimen tation coefficient, was found to be a compact 30 nm particle.
Shorter incubation with collagenase produced a larger form of zone. Bullous pemphigoid antigen is localized to the lamina lucida by immunoelectron microscopy, and is also closely associated with the basal cell plasma membrane. Laminin is localized to the lamina lucida as well and consists of three short chains (M,=200,OOO) and a long chain (M,=400,000). The basement membrane proteoglycan appears to be localized to both edges of the lamina densa. Type IV collagen is probably in a reticular pattern in the electron dense zone, the lamina densa. "78 collagen" with 4 strands extending from the 30 nm particle [9] . These observations suggested that "78 collagen" is an integral part of the type IV collagen structure in the basement membrane and represents a region where 4 molecules overlap.
Basement membrane components
Extensive disulfide bonds are present and presumably stabilize the "78 region" making it resistant to collagenase.
Examination of extracts of basement membrane revealed the type IV collagen molecules as strands terminating in a globular structure. Frequently, 2 such molecules were observed joined at their globular end. These observations suggested that the primary associations occur between like ends of the molecules with 30 nm segments of 4 molecules forming the "78 region" and the globular ends of two molecules joined together to form a continuous network with a honey comb-like structure (Fig 2) .
This arrangement of molecules would be consistent with the fine felt network observed in the lamina densa, * and would provide considerable tensile strength as well as elasticity to the structure. However, this model should be considered tentative since it is derived from studies on extracted material and the arrangement in situ could be different.
Using antibodies raised against type IV collagen purified from the EHS tumor, it has been shown that type IV collagen is present in the basement membrane of all tissues [8, 12] . By immunoelectron microscopy, type IV collagen has been local ized to the lamina densa of the epidermal basement membrane [13] . While direct measurements of the tensile strength of the collagen in basement membrane have not been made, the molecular studies described above suggest that this collagen
• The electron dense region of the basement membrane is also called the basal lamina [1] . The electron lucent band between the lamina densa and epithelial cells is referred to as the lamina lucida or lamina rara.
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Other collagens may also be associated with basement mem branes. In particular type V collagen is often considered to be a basement membrane protein [14] . Recent studies suggest that some type V collagen may be beneath the basement membrane, perhaps binding the basement membrane to the underlying stroma [15, 16] . The type V collagen in these locations has a fibrous structure and does not appear to be an integral part of the basement membrane.
Laminin
It has been appreciated for some time that basement mem branes are enriched in glycoproteins. One such glycoprotein, laminin, has been isolated from the EH8 tumor [17J, digests of human kidney and placenta [18] and a variety of cultured epithelial and endothelial cells [19] . Laminin is a large (M,=l,OOO,OOO), asymmetric molecule containing three A chains (M,=200,000) and one B (M,=400,000) chain [17] .
Antibody prepared from animals immunized with laminin reacts with all basement membranes [20] . In some basement membranes, such as those beneath the epidermis, the antibody shows a stronger reaction with the lamina lucida than the lamina densa [20] , but in other basement membranes a more even distribution is observed [21] .
In vitro studies have shown that laminin accelerates the attachment of epithelial cells (including keratinocytes) and endothelial cells to type IV collagen but not to other collagen types [22] . the EHS tumor and from glomeruli are quite distinct. Antibody prepared against the proteoglycan isolated from the EHS tumor was found by immunofluorescence to react with all normal basement membranes including epidermal basement membrane [26] . The antibody, which was found to be directed against the protein portion of the proteoglycan, did not react with other tissue structures. Thus, the protein core of the BM-1 proteoglycan is probably basement membrane specific. It is possible that the anionic sites in the basement membrane [23, 25] represent the location of the heparan sulfate chains of the proteoglycan. In our model of basement membrane, we have placed the proteoglycan at the interface of the lamina densa and lamina lucida (Fig 1) .
The biological function of the basement membrane proteo glycan is suggested by the studies of Kanwar and Farquhar [25] who showed that the degradation by heparitinase of the hep aran sulfate in the glomeruli made the basement membrane more permeable to anionic macromolecules. These experiments indicate that heparan sulfate forms a negatively charged shield which blocks passage of anionic macromolecules through the basement membrane.
Bullous Pemphigoid Antigen
This normal basement membrane antigen is defined by the sera of patients with the subepidermal blistering disease bullous pemphigoid [28] . Indirect immunofluorescence studies have
shown that bullous pemphigoid antigen is synthesized by epi dermal cells in culture [29,aO] . A recent study by Stanley et al [31] has directly demonstrated that bullous pemphigoid antigen is synthesized by mouse and human epidermal cells in culture and that the sera of different patients with bullous pemphigoid react with the same antigen. This protein has disulfide-linked chains (M,. =220,000) and is distinct from fibronectin, laminin, heparan sulfate proteoglycan and type IV collagen. Diaz et al [32, 33] have isolated a protein (M,=18,000-20,000) from urine and skin which reacts with bullous pemphigoid antibody. The relationship of this protein to the larger protein described by Stanley et al is not clear.
In contrast to the other components of basement membrane described above, bullous pemphigoid antigen is localized to the basement membranes of stratified squamous epithelia (and, in addition, gall bladder, bladder, trachea, and bronchi), but is not present in other basement membranes [28] . Bullous pemphigoid antigen is in the lamina lucida of the epidermal basement membrane zone [34, 35] . It is closely associated with the basal cell surface because guinea pig and human basal epidermal cells, isolated by trypsinization, and examined by indirect im munofluorescence, show bullous pemphigoid antigen along one side of their surface (Fig 3) [36] , but do not display laminin or type IV collagen (unpublished observations). In addition, in suction-induced blisters of normal subjects (not shown), and in blisters of patients with junctional epidermolysis bullosa [a7] (Fig 4) , bullous pemphigoid antigen remains on the basal cells, [3(;] . The antigen is seen on one side of the cell surface while type IV collagen and laminin were not detected on these cells (unpub· lished observations) (reduced from X 420). which form the roof of the blister, but laminin and type IV collagen remain on the blister floor (Fig 4) . Whereas bullous pemphigoid is closely associated with the cell surface, it is not an integral membrane protein because it can be extracted from the cell with physiologic saline [31] .
The biological function of bullous pemphigoid antigen is not known. However, the fact that patients with the disease bullous pemphigoid have antibodies bound in vivo in their epidermal basement membrane and develop subepidermal blisters, sug gests that bullous pemphigoid antigen may be involved in epidermal cell adhesion. In addition, bullous pemphigoid anti gen may be important in basal cell-substrate interactions which occur when basal cells migrate away from their normal base ment membrane to re-epithelialize wounds. Bullous pemphigoid antigen is present on the bottom of the migrating cells whereas type IV collagen and laminin are not [29, [38] [39] [40] .
In summary, all basement membranes contain certain con stituents such as type IV collagen, laminin, and a heparan sulfate proteoglycan, and may also contain tissue-specific com ponents such as bullous pemphigoid antigen. These components have specific biological functions in addition to their structural reactions in forming the basement membrane. Further investi gations of the biochemistry, molecular interaction, and biology of these constituents is likely to lead to the understanding of certain diseases of the epidermis, such as mechanobullous dis eases and diseases in which the primary pathophysiological changes occur at the basement membrane zone.
